This article presents an integrated theoretical model, drawing from sustainability transition research and attitude theory, to explain public perceptions of urban water sustainability transitions and public support for transformational water-management strategies. We test the model with empirical data from a random-sample residential survey in three cities in the western United States dependent on Colorado River water: Phoenix, Arizona, Denver, Colorado, and Las Vegas, Nevada. As one of the most heavily managed and over-allocated transboundary river systems in the world, sustainable water management of the Colorado River is critical to the future of the region. Cities face increasing pressure on water resources as population, development, and uncertainty about the future increase. While a growing number of scholars focus on sustainability transitions, a few studies focus explicitly on the role of the public as fundamental actors. This is despite the acknowledgement that public support may constrain or enable transitions and that major societal changes will affect the public in numerous and critical ways. We hypothesize that environmental orientation, procedural knowledge, perceived personal responsibility, trust in government, and socio-economic resources predict public perceptions of the need for transitions and public support for transformational water-management strategies. We use ANOVA to identify differences between cities, and confirmatory factor analysis and structural equation modeling to evaluate the conceptual model. Results provide partial support for the hypothesized model and the findings replicate across cities. The findings suggest several policy implications for basin-wide and city-scale water management in the Colorado River basin.
Introduction
In the Colorado River basin in the western United States, a complex set of interacting social, technological, and environmental factors increasingly stress water availability for humans and nature (National Research Council 2007; Sullivan et al. 2017) . The key drivers include agricultural demand, population growth, urbanization, policy choices, aging infrastructure, land-use change, semi-arid climate, drought, and aridification. These influences are exacerbated by the regional impacts of human-caused global climate change, including higher average temperatures, more variable precipitation, and more frequent and extreme heat events
Handled by: Jagath Kaluarachchi, Utah State University, United States. and hydrological droughts (Cook et al. 2015; Gonzalez et al. 2018; Udall and Overpeck 2017) . Against this backdrop, cities that rely on Colorado River water-like Phoenix, Arizona, Denver, Colorado, and Las Vegas, Nevada-are tasked with providing adequate, equitable, and safe water to support economic development and human well-being while maintaining life-supporting ecosystems (Wiek and Larson 2012) . Scholars have argued, however, that contemporary urban water governance regimes are inadequately prepared to deal with the myriad developments affecting water systems in an era of deep uncertainty and climate change (Gober 2013; 2018) . The traditional regimes can suffer from path dependence, sunk costs, technological lock-in, and lack of incentives to consider transformational changes (Lienert et al. 2006) .
These challenges, however, also present the windows of opportunity for networks of actors to develop novel innovations that enable societal transitions toward sustainability Sullivan et al. 2017) . The changes necessary to ensure urban water sustainability in an era of climate change will require not only incremental innovations but also more transformative, radical innovations to water governance regimes. Incremental innovations are improvements to the existing technologies, infrastructures, or systems that require a little societal change. Radical innovations refer to major shifts over time, which involve technical and social-cultural changes and interventions (Elzen and Wieczorek 2005) . These transformational changes have the capacity to make a major impact on water sustainability challenges or precipitate a take-off toward a sustainability transition. As sustainability transitions include radical innovations and societal processes , it is necessary to consider factors such as institutions, agency, and governance (Brown et al. 2013; Smith et al. 2005) , power and politics (Geels 2014; Avelino 2011; Smith and Stirling 2010) , and human values and attitudes (Olsson et al. 2014) .
A few studies in sustainability sciences, however, focus explicitly on the role of the public as fundamental actors in transitions, alongside experts from government, science, and market sectors (see Bicket and Vanner 2016; Chilvers and Longhurst 2016; Domènech and Saurí 2010 for exceptions) . This gap exists despite the acknowledgement that public support may constrain or enable transitions and that major societal changes will affect the public in numerous and critical ways (Shove and Walker 2010; Walker and Cass 2007) . To address this gap, we conducted a crosssectional, random-sample survey of residents of the Phoenix, Las Vegas, and Denver metro areas. This research contributes to the sustainability transition literature by proposing a theoretical model of public support for water sustainability transitions and transformational strategies and providing rigorous empirical evidence to evaluate the conceptual model. In addition, we integrate sustainability transitions research with concepts from attitude theory (Dunlap and Jones 2002; Larson et al. 2011 ). We not only address an under-researched area in sustainability sciences scholarship, but also develop new theoretical constructs and measurement scales. Our study addresses the following research questions:
1. How do public perceptions of the need for water sustainability transitions and public support for transformational water-management strategies vary across three US cities dependent on water from the Colorado River: Phoenix, Arizona; Las Vegas, Nevada; and Denver, Colorado? 2. How do attitudinal factors and socio-economic resources affect public perceptions of the need for water sustainability transitions and public support for transformational water-management strategies? 3. How does the theoretical model explaining public perceptions of the need for water sustainability transitions and public support for transformational water-management strategies vary across Phoenix, Las Vegas, and Denver?
This research is relevant not only to the scientific literature but also to urgent and ongoing Colorado River water policy discussions (Sullivan et al. 2019) . Research shows that understanding public perceptions and attitudes is vital for developing effective and legitimate natural resource management governance and strategies (Bennett and Dearden 2014; Domènech and Saurí 2010; Hartley 2006; Heberlein 2012; Itaoka et al. 2005; Larson et al. 2009b; Rivera et al. 2017; Turner et al. 2014; Webb et al. 2004) . Attitudinal studies can provide important insights into environmental governance regimes that are socially accepted and supported (Bennett 2016; Larson et al. 2009b ). Positive public perceptions can provide support for policies and strategies, contributing to long-term success of initiatives, whereas negative perceptions can inhibit innovation (Bennett 2016; McClanahan and Abunge 2016) . Our results reveal public receptivity to the notion of water sustainability transition in general and the specific proposed transformational strategies. For instance, government, science, and market sector actors have proposed a range of potential water strategies that include incremental innovations as well as more transformational changes (e.g., ADWR 2014; USBOR 2012; CWCB 2015; SNWA 2015) . Our study provides rigorous empirical data to evaluate public perceptions and attitudes of options such as water recycling, direct potable reuse of treated wastewater, rainwater harvesting, dramatic demand reduction, and participatory decision-making. Such research improves our understanding of the factors that influence public acceptance of alternative water strategies and how acceptance varies across locations (c.f., Dolnicar 2010, 2016) .
Theoretical framework

Sustainability transitions
Sustainability transition research is an interdisciplinary approach to analyze and support the societal processes and interactions that lead to large-scale, nonlinear changes in social, technological, and institutional (sub)systems such as energy, transportation, or water (Chappin and Ligtvoet 2014; Geels 2005 Geels , 2006 Hölscher et al. 2018; Loorbach et al. 2017; Rotmans et al. 2001) . While there is still considerable refinement underway in the literature (Child and Breyer 2017; Hölscher et al. 2017) , a sustainability transition is typically described as process that leads to large-scale, structural changes in social, ecological, and technical systems, and has potential to lead to regime shifts over time (Farrelly and Brown 2011; Geels 2011 ). Transitions do not occur from a single event, but from multiple forces acting over extended periods of time (i.e., decades), although focusing events such as a crisis or a policy window may accelerate the change. A range of societal (sub)systems such as water and energy have undergone past transitions and future transitions are expected (Bos and Brown 2012; Brown et al. 2013; de Haan et al. 2015; Sullivan et al. 2017) .
Sustainability transitions theory draws from a range of disciplines including innovation research (e.g., science and technology policy, innovation policy), environmental studies, and sustainability sciences (e.g., environmental policy, integrated assessment, and sustainability governance) . The early schools of thought centered upon around four influential frameworks: the socio-technical multi-level model, the technological innovation systems approach, strategic niche management, and transition management Markard et al. 2012; Van den Bergh et al. 2011) . The MultiLevel Perspective (MLP) has been a prominent framework that highlights different scales of structuration and stability through the central analytical concepts of niche, regime, and landscape (Geels 2002 (Geels , 2011 . Of particular relevance, socio-technical regimes are described as dominant, dynamically stable configurations within societal systems, comprising technologies, institutions, rules, and preferences (Geels 2002; Rip and Kemp 1998) . The MLP highlights the multi-level and multi-phase dynamics of transitions as a result of interactions between external context, regime, and disruptive innovations providing alternatives to the dominant regime. The regime concept is useful to understand path dependencies and lock-in of specific configurations of technologies, institutions, and social practices within societal subsystems such as energy, transportation, or water. Societal regimes are shaped by and (re)produced by macro-structural exogenous factors known as socio-technical landscapes that may pressure and open up the existing configurations. Regimes are also affected at the micro-scale by niche networks at lower levels of structuration. Niches refer to networks of actors developing novel or radical innovations that have potential to align and stabilize, possibly disrupting the dominant regime and leading to new configurations. Our study relates to the MLP framework literature as we examine the perspectives of urban residents toward transformative water-management strategies, or niche innovations. Such research about public attitudes towards innovations is necessary to improve our understanding of the expectations, visions, and behavioral antecedents of residents as change agents within transition processes. This will allow us to better explain how members of the public reproduce the prevailing societal regime or how they enable, constrain, or participate in small networks of niche innovators. This research is also relevant to a richer conceptualization of the role of the public in governance processes, as discussed next.
Another area of sustainability transition research directly relevant to our study focuses on governance, which includes both formal and informal institutions and the collective decision-making activities of governmental and non-governmental actors. Transition governance work examines how actors, networks, and institutions organize around sustainability problems and solutions and influence transition processes (Meadowcroft 2009; Kuzdas et al. 2014; Loorbach et al. 2011) . This scholarship highlights the role of multiactor dynamics , power and influence (Brown et al. 2013) , discourse, learning, experimentation, and evaluation (Bos and Brown 2012) . Starting from the premise that contemporary governance and market regimes suffer from path dependence and produce unsustainable outcomes, there is "a specific focus on radical and transformative technological and social innovation in earlier stages of transitions as well as strategies focused on dealing with regime destabilization and institutionalization of emerging transitions" (Loorbach et al. 2017, 613) . Our study is informed by the transition governance perspective as we focus here on radical or transformational strategies, which are significant interventions to the existing water resource management regimes. In addition, we conceptualize the public as a heterogenous group of individuals with varying levels of power, interest, and influence based in part on their sustainability-related value orientations, perceived responsibility to act, knowledge of how to engage in governance, and socio-economic resources as discussed later. Urban residents are thus among the participants in dynamic multi-actor transition governance processes.
In their recent and comprehensive review article, Loorbach et al. (2017) identified three distinct perspectives in contemporary sustainability transitions research based on disciplinary origins, focus, analytical lenses, and emphasis within the transition process: (a) socio-technical, (b) socioinstitutional, and (c) socio-ecological. Our study draws upon the socio-technical approach, which tends to focus on pathways to technological change or substitution emerging from market forces and government interventions (Geels and Schot 2007) . For instance, we are interested here to explain how the urban residents support or oppose specific technological innovations in water management such as desalination, direct potable reuse of recycled wastewater, and renewable energy technology for water treatment, in line with prior work by Hurilmann and Dolnicar (2010, 2016) . Our study is also informed by the socio-institutional approach, a constellation of social science research that foregrounds issues of political economy, governance, and geography in transitions within specific societal sectors (Brown et al. 2013; Sullivan et al. 2017) . For example, we examine how residents' attitudes toward socio-political concepts such as trust in government and perceived level of individual's power and agency as transition actors affect support for transitions as well as how as the impact of socio-economic resources.
Factors affecting public perceptions of sustainability transitions and support for transformational strategies
Transition research shows that various stakeholders occupy complex, shifting roles over time Fischer and Newig 2016; Wittmayer et al. 2016; Geels 2010) . Transition research has been critiqued for inadequate attention to the issues of agency and poor conceptualizations of actors (Markard et al. 2012) . Early research identified four main stakeholder groups: actors from government, science, market, and civil society (Grin et al. 2010; Geels 2010 ). More recently, de Haan and Rotmans (2018) presented a typology of transformative actors, or change agents, with four types distinguished by strategies and systematic consequences of actor's actions: frontrunners, connectors, topplers, and supporters. In this view, change agents develop strategic alliances between transformative actors and supporters, form initiatives to present alternative solutions, and develop networks such as knowledge communities, unions, advocacy groups, or professional associations. The importance of this treatment of actors is the focus on their actions and consequences as opposed to their location within a specific organization or place within an innovative niche or dominant regime. We aim to contribute to this richer conceptualization of transition actors and the consequences by theorizing the factors that influence public residents' attitudes toward transitions and strategies, thus enabling more sophisticated classification of individuals and networks.
We draw upon concepts from the sustainability transitions literature and link these concepts to factors drawn from attitude theory to develop and test a theoretical model explaining public perceptions of transitions and support for transformational water-management strategies. Our model posits that public perceptions and support reflect individual cognitive and attitudinal processes as well as social-structural variables. We focus here on: (a) environmental orientation, (b) trust in government, (c) perceived personal responsibility, (d) procedural knowledge, and (e) socio-economic resources. Next, we describe the theoretical constructs and identify the specific hypotheses for our statistical analysis.
Environmental orientation is related to the environmental values, which are abstract ideals that underlie goals and provide standards for gauging individuals and societies (Schwartz and Bilsky 1987; Larson 2010 ). As such, values affect more specific, evaluative judgements, or attitudes, which tend to influence behavior more so than broad-based values. Attitudes refer more specifically to a positive or negative evaluation of an attitude object, quality, or behavior (Ajzen and Fishbein 1977) . Attitudes involve both cognitive (perceptual) and conative (behavioral) dimensions, both of which can affect human action. Cognitive attitudes about water or climate change, for instance, include knowledge and subjective understanding about how nature works how people interact the environment (Dunlap and Jones 2002; Larson et al. 2011) . Conative attitudes toward the water system and the perceived need for change, for instance, represent positive or negative judgments about action, which reflect intention to behave in specific ways (Dunlap and Jones 2002; Larson et al. 2011 ). In our analysis, the dependent variables reflect cognitive attitudes about the perceived need for change to achieve water sustainability as well as conative attitudes about the level of support or opposition for certain transformational strategies.
Indeed, attitudes about resource management and transitions are influenced by underlying values such as those related to the environment and politics. Environmental values are often measured in the form of ecological worldviews, which are indicative of a person's broad-based beliefs about human-environment interactions (Anderson 2012) . Proenvironmental (or ecological) worldviews closely align with the belief that nature has biocentric value regardless of its benefit to people (Dunlap et al. 2000; Stern et al. 1995; Schultz and Zelezny 1999) . A pro-environmental worldview is seen to influence attitudes and behavioral intentions, which, in turn, shape specific behaviors such as water conservation (Dunlap et al. 2000; Kollmuss and Agyeman 2002) . Furthermore, pro-environmental worldview is associated with greater climate change risk perceptions and belief in anthropogenic climate change (Dunlap 1998; Ziegler 2017) . From the literature, we hypothesize that residents with greater pro-environmental orientation, including both pro-environmental worldview and climate change risk perceptions, will perceive greater need for water sustainability transitions (H1) and express greater support for transformational water-management strategies (H2).
Our second factor, trust in government, is included, because government agencies are key actors in water governance regimes, and attitudes toward government have been shown to influence the perceptions of environmental governance strategies (Bennett 2016; Bouckaert and Van de Walle 2003; Larson et al. 2009a, b) . For instance, studies on energy use found the extent to which people trust governing agencies will influence acceptability of energy policies and changes in the energy system (Huijts et al. 2012; Steg et al. 2015; Whitfield et al. 2009) . From the literature, we hypothesize that people who express higher levels of trust in local and federal government will be more likely to perceive need for transitions (H3) and support transformational strategies (H4).
Our third explanatory factor is perceived personal responsibility, which reflects informal norms or expectations of who is responsible for performing certain behaviors. Perceived personal responsibility has been shown to influence behavioral intention (Thogersen 2009 ). Thus, measuring the perceived responsibilities for addressing water sustainability can help us gauge respondents' willingness to act themselves (Ajzen 1991; Ajzen and Fishbein 2000) . Perceived personal responsibility relates to social and internalized norms, or moral obligation, toward a behavior. The previous studies link internalized personal norms to environmentally responsible behavior and studies of norm-based interventions have shown their ability to increase pro-environmental behavior (Kaiser et al. 1999; Kollmuss and Agyeman 2002; Thogersen 2009 ). For instance, a field experiment in California showed that specific normative messaging can promote household energy conservation (Schultz et al. 2007 ). Measuring the perceived responsibilities for addressing water sustainability via participation in water management and conservation can help us gauge respondents' willingness to act themselves and support transformational strategies that require their participation. We, therefore, hypothesize that perceived social responsibility has a direct positive effect on support for sustainability transitions (H5) and support for transformational strategies (H6).
Next, we include procedural knowledge, which enables a person to take action. Several studies provide evidence that more declarative knowledge does not directly lead to attitude change and behavior change (i.e., InformationDeficit Model), but knowledge on how to participate in governance or water conservation has been found to be effective in promoting behavioral change (Frisk and Larson 2011) . For example, information about how to participate in decision-making processes is a strong predictor of political engagement (Frisk and Larson 2011; Heberlein 2012) . We hypothesize that procedural knowledge has a direct positive effect on support for sustainability transitions (H7) and support for transformational strategies (H8).
The final explanatory factor is socio-economic resources, which are material and social support of action, such as funding, time, and social networks, that allow people to perform particular behaviors or activities. Within this factor, we identify the main constructs, economic status, and education, which indicate a certain standard of living and income. People with higher household incomes consume more water per household (Gearey and Jeffrey 2006; Larson et al. 2009b ), but report greater intention to invest in voluntary water conservation technologies (Russell and Fielding 2010) . People with lower income households tend to use less water but not support policies requiring a financial cost (Larson et al. 2009b) . While the evidence from the literature about socioeconomic status is somewhat mixed, we hypothesize that socio-economic resources have a direct positive effect on support for sustainability transitions (H9) and support for transformational strategies (H10).
Study context and study sites
Our study takes place amidst growing concern about water sustainability in the Colorado River basin in general and specifically concern about availability of urban water supplies (see Fig. 1 ). The Colorado is arguably the most overallocated and heavily regulated transboundary river system in the world (Christensen et al. 2004; Hundley 2009; USDOI 2000) .
The river is being further stressed by drought and climate change (Udall and Overpeck 2017) . The current drought is the most extreme in 100 years and among the worst of the last 1200 years (USBOR 2018a), affecting not only surfacewater storage but also groundwater reserves (Castle et al. 2014) . Water levels in the major Colorado River reservoirs are at historic lows. Since 2000, Lake Mead on the Colorado River has fallen 130 feet (40 m) and lost 60% of its volume. As of June 2018, there is 52% likelihood of an official declaration of shortage on the river by the U.S. Bureau of Reclamation by 2020, which would result in mandatory water reductions to the lower basin states, including Arizona and Nevada (USBOR 2018b). Exacerbating these challenges, the U.S. National Climate Assessment projects that climate change impacts will reduce freshwater supplies and increase water demands (Gonzalez et al. 2018) . Projected temperature increase from climate change raises the probabilities of persistent multi-decadal "megadroughts" in the future (Ault et al. 2016; Cook et al. 2015) . Cities dependent on the Colorado, including Phoenix, Denver, and Las Vegas, are struggling to adapt to these changes and ensure resilient and sustainable water supplies for their residents.
We maintain that the three urban areas selected for this study are suitable for analysis, because the cities face similar exposure to risks to water sustainability but vary in terms of sensitivity and capacity to adapt (see Table 1 ). Phoenix, Denver, and Las Vegas each have growing urban populations relying on limited water supplies affected by drought and climate change, and each city receives a sizable portion of its water supply from the Colorado River. The cities differ on key dimensions, however, such as physical geography, political orientation, and water governance system, which may affect public perceptions of the need for water sustainability transitions and support for transformational watermanagement strategies. In line with prior research (Sullivan et al. 2017) , the comparative analysis is designed to reveal similarities and differences to generate place-based findings while contributing to generalizable theory.
Research method
Sampling and survey administration
We employed a cross-sectional mail survey design to collect data from a representative sample of households in the Phoenix, Denver, and Las Vegas metropolitan statistical areas (MSAs). The sampling frame was the United States Postal Service (USPS) Computerized Delivery Sequence (CDS) file, which includes all residential delivery addresses serviced by USPS. The simple random sample was drawn from households in the MSAs within the frame and the survey incorporated four contacts to maximize response rates (Dillman et al. 2014; Groves et al. 2011) . While each survey design has specific advantages and disadvantages, we selected mail survey with address-based sampling for Fig. 1 Map of the Colorado River showing hydrologic basin, water export areas, and study sites this study to reduce the major sources of error specified in the Total Survey Error (TSE) paradigm, namely coverage, sampling, non-response, and measurement (AAPOR 2016). The first mailing in January 2018 included the questionnaire, cover letter, and two-dollar incentive. This was followed 2 weeks later by a postcard reminder and two subsequent mailings of the full questionnaire to non-respondents. We received 786 completed surveys (Phoenix: 309, Denver: 253, Las Vegas: 224). To calculate response rates, we followed the procedures recommended by the American Association for Public Opinion Research (American Association for Public Opinion Research (AAPOR) 2016). Adjusting for 187 undeliverable surveys, the final response rate (i.e., minimum response rate or AAPOR RR1) was 28%. The margin of sampling error for the overall sample is ± 3.5% at the 95% confidence interval and the sampling error is for the study sites is: Phoenix (± 5.6%), Denver (± 6.2%), and Las Vegas (± 6.5%). In comparison to US census demographic profiles, our respondents were disproportionately highly educated; white, non-Hispanic, and older.
Measures
Guided by the theoretical framework described earlier, the independent variables in our analysis include: environmental orientation (ecological worldview and climate change risk perceptions), procedural knowledge, perceived personal responsibility, trust in government, and socio-economic resources. The dependent variables are perceived need for water sustainability transitions and support for transformational water-management strategies. We tailored the response options for each question because customized wording for response scales has been shown to increase the quality of responses (AAPOR 2016; Groves et al. 2011 ). Next, we describe the specific measures including number of items and response scales, and in the results, we report the scale reliabilities.
Based on preliminary analyses demonstrating a significant shared variance, we developed a latent construct to measure environmental orientation, comprised of two observed indicator variables, where each indicator variable is itself a composite of multiple questionnaire items. The first indicator is an abbreviated, four-item version of the New Ecological Paradigm (NEP) scale (Anderson 2012; Dunlap et al. 2000) . The five-point response scale ranged from strongly disagree to strongly agree. The second indicator is a four-item scale assessing certainty of climate impacts, adapted from the Yale Project on Climate Change Communication's Climate Change in the American Mind survey (Howe et al. 2015) . The five-point response scale ranged from not at all certain to extremely certain. For procedural knowledge, we asked people how much they knew about how to participate in water resource decision-making for their community and how much they knew about how to conserve water. The five-point response scale ranged from nothing at all to a great deal. To measure perceived personal responsibility, we asked people how much personal responsibility which they felt for participating in local decisionmaking about water and for conserving water in their city, even if the other water users did not. The five-point response scale ranged from none to a great deal. To measure trust in government, we used two items (one federal and one local) To measure perceived need for transitions, we developed a new four-item scale. We asked respondents how much water resource management needs to change in the next 30 years to make sure that (a) all residents have access to safe drinking water, (b) all residents have enough water for living purposes, (c) there is enough water for the environment, and (d) there is sufficient water for a thriving economy. The five-point response scale ranged from not at all to a great deal. To measure support for transformational strategies, we introduce here a new six-item questionnaire scale including six water-management strategies across the full spectrum of water activities described by Wiek and Larson (2012) , namely supplies, deliveries, demands, outflow, and governance. We used expert judgment to select six strategies from an inventory presented by White et al. (2015) , focusing on items relevant to residents in all three sites. The five-point response scale ranges from strongly oppose to strongly support.
Analysis
For the analysis, we used SPSS 25 and AMOS 25. First, we screened all variables by examining skewness and kurtosis found no major deviations from normality. To answer RQ1, we used one-way ANOVA to detect mean differences between sample groups and Tukey's HSD post hoc tests to identify homogenous subsets. To answer RQ2 and RQ3, we employed confirmatory factor analysis (CFA) and structural equation modeling (SEM). We used full information maximum-likelihood (FIML) estimation to handle missing data. The FIML technique does not impute data, but rather uses all the available data for each case to compute maximum-likelihood estimates, or the value of the parameter that is most likely to have resulted in the observed data (Enders and Bandalos 2001) . First, we established the measurement model and then modified the measurement model to represent the theoretical model and tested it using SEM. The hypothesized structural model and study hypotheses developed and tested in the study are presented in Fig. 2 .
We used multiple indices to evaluate model fit, because each index is associated with distinct bias (Hu and Bentler 1999; Kline 2005) . Indices included those based on minimum sample discrepancy functions (Chi-square statistic; relative Chi-square), measures based on population discrepancy (RMSEA), and baseline comparison measures (CFI). A relative Chi-square in the range of 3-1 indicates favorable fit between the hypothetical model and the sample data for large samples (i.e., > 200). Fit is considered good (acceptable) if the CFI is greater than or equal to 0.95 (0.90) and the RMSEA is less than or equal to 0.05 (less than 0.08).
To test for differences in the model fit to the data based on study site, we ran multi-group models in AMOS to test for moderation. First, we allowed the path coefficients to be estimated freely across the three groups and then constrained the structural path coefficients to be equal for each group. Model comparisons were conducted using the Chi-square difference test. If the Chi-square is significant, Fig. 2 Hypothesized structural model of public support for sustainability transitions and transformational strategies this indicates that some paths are significantly different between the three groups and requires subsequent analyses examining Δχ 2 to identify which pathways are significantly different.
Results
Means, standard deviations, and Cronbach's alphas for observed scale scores for all measures are displayed in Table 2 .
To address research question 1, we examined mean differences between cities for the manifest variables using one-way ANOVA (Table 3) . Having identified mean differences, we used Tukey's HSD test to examine post hoc differences and identify homogenous subsets. Focusing here on the results for our two dependent variables, the findings show that: (a) while residents of all three cities perceive some need for water sustainability transitions, Las Vegas residents' mean scores are statistically higher than residents in Phoenix and Denver, and (b) while residents of all three cities show support for transformational strategies, Denver residents expressed statistically significantly higher levels of support than Phoenix residents.
Structural equation models
To address RQ2, we first estimated the measurement model for the full sample. In the final measurement model, we allowed some residual variances to correlate based upon statistical and theoretical considerations. Upon accepting the measurement model, we modified it to test the full structural model. The structural model for the full sample demonstrated good fit to the data [χ 2 (792) = 128.56, p < 0.01; χ 2 /df = 1.89; CFI = 0.963; RMSEA = 0.024]. For the latent construct (environmental orientation), each indicator had a standardized loading greater than 0.80 on the factor, demonstrating that the observed indicators are adequate representations of the latent construct. The results for the full sample model are presented in Fig. 3 , including the standardized coefficients for the paths between the latent factor and observed indicators and between the exogenous variables and the endogenous variables. Together, the independent variables explained 13% of the variance in perceived need for sustainability transitions and 31% of the variance in support for transformational strategies.
Two hypothesized predictors, environmental orientation and perceived personal responsibility, were significantly and positively associated with increased perceived need for sustainability transitions, providing evidence to support H1 and H5. Contrary to our hypotheses, procedural knowledge and socio-economic resources were significantly and negatively associated with perceived need for sustainability transitions and trust in government was non-significant, failing to provide support for H3, H4, and H6.
Four hypothesized predictors-environmental orientation, perceived personal responsibility, trust in government, and socio-economic resources-were significantly and positively associated with increased support for transformational strategies, supporting H2, H6, H8, and H10. Contrary to our hypotheses, procedural knowledge was significantly and negatively associated with support for transformational strategies, failing to support H4. Considering the full model, two variables, environmental orientation and perceived personal responsibility, contribute most to the variance explained. Research question 3 asks how our theoretical model varies across the sample groups. Put another way, we ask if sample group (city) moderates the relations between the independent and dependent variables. To answer this question, we ran multi-group models in AMOS to test for moderation by city. The results of the moderation test (χ 2 = 55.61, df = 45, p = 0.134) were non-significant. This indicates that the model fit to the sample data does not vary significantly across sample groups. That is, the model fits the data equally well across the three sample groups.
Discussion
In this study, we present an original theoretical model to explain the relations among (1) independent variables including five attitudinal and social-structural factors and (2) dependent variables including public perceptions of the need for urban water sustainability transitions and public support for transformational water-management strategies. We test the model with data from a large random-sample survey of residents of three cities in the western United States. Furthermore, our analysis tests for moderation to examine the generalizability of the model. The use of a random sample in multiple, diverse urban contexts offers a robust test of the hypothesized model, and guides the development and refinement of the factors that influence public perceptions of sustainability transitions. The theoretical utility of the model is supported by the fact that we tested the model with urban residents, a population that has been rarely studied in sustainability transition literature. In addition, we expanded the boundaries of sustainability transitions literature by including well-established constructs from attitude theory. This latter point is important to address the critique that the transition literature risks being dominated by a small scientific network, leading to excessive cross-referencing and lack of integration with broader scientific fields (Child and Breyer 2017) .
Guided by our theoretical model, we hypothesized that environmental orientation, procedural knowledge, perceived personal responsibility, trust in government, and socio-economic resources would predict public support for transitions and radical innovations in urban water management. Our results provide partial support for the hypothesized model. Specifically, environmental orientation and perceived personal responsibility predicted public perceptions of the need for water sustainability transition, and these two variables, along with socio-economic resources and trust in government, predicted support for transformational strategies. The significant, moderate effect size of environmental orientation is consistent with the attitude theory literature, which has demonstrated the relevance of environmental worldview, as measured by the New Ecological Paradigm scale (Dunlap and Jones 2002; Dunlap et al. 2000) , to intention to engage in pro-environmental behavioral and support for pro-environmental policies (Steg and Vlek 2009; Steg et al. 2015) . Likewise, the significant, moderate effect size of perceived personal responsibility is consistent with expectations based on the premise that social and internalized norms and moral obligations to act in environmentally responsible ways should predict positive dispositions toward sustainability transitions (Thogersen 2009 ).
Several of our hypotheses in the proposed model were not supported by the empirical data. First, procedural knowledge exhibited a small but statistically significant negative effect on perceptions of the need for change and support for transformational strategies. That is, respondents who reported greater levels of knowledge about how to participate in water resource decision-making and how to conserve water were slightly less likely to support transitions and specific novel innovations. This could be because those residents who are more knowledgeable about local water management and household conservation practices are more confident in the current governance regime and the effectiveness of existing institutions, practices, and incremental innovations. Second, the findings show mixed evidence for the relation between socio-economic resources and the dependent variables with a small positive effect on perceived need for transition and small positive effect on support for transformational strategies. Although this is counter to our hypotheses, it is consistent with prior research, which has found mixed support for the role of education and income in environmentally oriented attitudes, intentions, and behaviors (Chen et al. 2011; Kollmuss and Agyeman 2002) . More research is needed to unravel the ways in which economic resources make people more and less likely to support sustainability transitions, particularly as they relate to specific political, economic, and technological regimes. Third, trust in government was not statistically related to perceived need for transition and significantly but weakly related to support for transformational strategies. These findings are partially inconsistent with prior research into, for instance, energy transitions (Whitfield et al. 2009; Huijts et al. 2012; Steg, Perlaviciute, and Van der Werff 2015) . The finding that trust in government has no discernable effect on support for transitions may emerge in some atypical political environments, such as the US experienced 2016-2018 when the survey was conducted. The rise and election of a highly divisive president and the unprecedented changes in rhetoric that followed (Stolee and Caton 2018) may have shifted public perceptions of the US federal government. This indicates that future research needs to examine public trust in the other actors from science, market, and civil society (Geels 2010; Grin et al. 2010) as respondents may believe these actors have key roles in transition processes.
An important finding from this study is that the theoretical model replicated across three random samples drawn from distinct study sites from across the Colorado River basin. That is, the moderation test was non-significant, indicating that the model fits the data equally well across the samples from Phoenix, Denver, and Las Vegas. This provides the robust evidence of the generalizability of the model to cities across basin. For example, our study sites vary based on political and geographic factors such as: location within the upper (Denver) and lower (Phoenix, Las Vegas) basin; environmental factors such as climatic zones, average precipitation, and temperature; regional water governance regimes including highly centralized (Las Vegas), moderately centralized (Denver), and moderately decentralized (Phoenix); and risk of water shortages from the Colorado River. Based on our findings, we suggest that environmental orientation and perceived personal responsibility should be included in future studies examining public perceptions of sustainability transitions and transformational strategies in a wider range of research settings. We further suggest that future research on support for sustainability transitions in cross-cultural contexts should utilize culturally relevant operationalization of environmental orientation and perceived personal responsibility. For example, researchers have adapted the NEP questionnaire to align with the cultural values and beliefs of non-western peoples (e.g., China, Wu 2012). Future research is also necessary to include additional variables to increase the explanatory power of the model, particularly with regard to explaining the perceived need for sustainability transitions (of which our model only explained 13% of the variance).
We note several limitations to the study that should be considered when interpreting the results and could be addressed in future research. First, as noted in the research methods, the completed sample was disproportionately older, less racially and ethnically diverse, and of higher socio-economic status than the general population as measured by the U.S. Census data. While we followed the standard practices for survey research design, sampling, and survey administration (AAPOR 2016; Dillman et al. 2014 ), we recognize the potential for non-response bias to affect the results. Second, we acknowledge that measurement error in some constructs is a limitation. Specifically, the reliability coefficients for several multi-item scales were between 0.60 and 70, which is lower than desired. In our questionnaire design, we relied predominantly on previously published questionnaire scales to promote construct validity and internal reliability, but there is room for improvement. Although the new water sustainability transition scale introduced in this research had a high inter-reliability (α = 0.90), the scale requires further testing in diverse contexts. Finally, we recognize the opportunity to improve the variance explained in the dependent variables. We expect future research to advance the theoretical model introduced in this study to enhance the model's predictive power.
Even given these limitations, the study points to the important implications of public attitudes for realizing sustainability transitions in the Colorado River basin (Bennett 2016; McClanahan and Abunge 2016) . Our results suggest that there is potentially widespread social acceptability of transitions around natural resource management governance regimes and specific strategies for urban water policy in the Colorado River basin. Overall, residents reported that water resource management needs to change "somewhat" to "quite a bit" over the next 30 years to achieve comprehensive sustainability. Although Vegas residents' mean scores were statistically higher than residents in Phoenix and Denver, the practical difference was modest (i.e., the mean differences represent 5-8% difference on the five-point scale). Thus, despite the geographic, environmental, and political differences between the cities noted earlier, as well as risk exposure, physical water availability, and legal rights to water, residents in the three cities report the similar levels of perceived need for change. Similarly, respondents' support for transformational strategies was similar across the three cities (means ranging from 3.62 to 3.80 on a fivepoint scale). While the mean score for Denver residents was statistically higher than Phoenix, the mean difference represents 4% of the response scale. These findings provide evidence for broad-based, if moderate, public support for social, technological, and institutional changes to the existing water governance regimes.
Within the Multi-Level Perspective framework (Geels 2002) , the public can be conceptualized as heterogeneous individuals (e.g., with diverse preferences, values, and resources) that each engage with transitions at different levels within the current regime to form networks that either entrench path dependence or engender niche innovation. Some members of the public may be maintaining the current regime (e.g., voting for officials that uphold existing policies). Other members of the public may be contributing to, or prepared to contribute to, niche innovations (transformational strategies). Our finding that the public moderately supports the transformational strategies in our survey indicates that government and industry actors may be more likely to succeed in introducing and expanding niche innovations. Such protective niches may be enabled by the members of the public that support exploring alternative water management to break path dependence (de Haan and Rotmans 2018) . Low levels of support have led to the failure of attempts to break path dependence in water-constrained areas in Australia (Hurlimann and Dolnicar 2010) . Thus, securing public support is likely necessary (although insufficient) to successfully implement niche innovations in water management.
The study findings not only provide contextual information to inform socially acceptable policies, but they also demonstrate the need for a mix of generic and sectoral specific policies. Survey participants from the cities supported an array of strategies within specific water activity domains, including supply, delivery, demand, outflow, and governance (Wiek and Larson 2012) . This suggests that basin-wide policies may be supported, such as stakeholder engagement, participatory decision-making, and cross-sector demand management, as well as specific sectoral and city-specific initiatives like direct potable reuse and rainwater harvesting. These findings provide further evidence that strategy mixes and policy integration is beneficial for managing transitions (Bennett 2016 ).
Our study also highlights an opportunity to engage the public as there is high personal perceived responsibility and widespread recognition about need for transitions, but relatively less awareness of how to engage in the process (i.e., procedural knowledge). Many survey respondents reported that they do not know how to participate in local water-management decisions or outdoor water conservation, but they do support strategies to involve residents in watermanagement decisions. This is a window of opportunity to intervene with specific procedural knowledge strategies to promote public participation and behavior modifications (Frisk and Larson 2011) .
Conclusions
In summary, our work advances social scientific understanding of water sustainability transitions by elucidating the factors affecting public perceptions. Survey research of residents facing water sustainability challenges residing within urban areas dependent on the Colorado River and helps illuminate public support for niche innovations. An increased understanding of specific niche innovations (i.e., transformational strategies) that are supported and opposed by the public provides the opportunity for decision-makers to pursue supported strategies with increased likelihood of success, potentially accelerating regime changes. Our research bridges the socio-technical and socio-institutional perspectives of sustainability transitions scholarship and links this literature to concepts from the attitude theory and social-structural variables. Finally, this research informs policy discourse for city-scale and basin-wide water management in the Colorado River basin, and speaks to the need to replicate our survey to understand the model's applicability to other water-constrained river basins.
